Acute changes associated with removal of the inhibition of estrus caused by suckling were examined in beef cows. Calves were weaned during the fifth week after parturition and cows were slaughtered at 0 (n=8), 36 (n=8) or 72 h (n=8) after calf removal. Tissues of preoptic area (POA), hypothalamus (HYP), pituitary stalk-median eminence (SME) and pituitary neurointermediate lobe (NIL) were obtained for analyses of luteinizing hormone-releasing hormone (LHRH) and four opioid neuropeptides. In addition, one-half of each SME was superfused in vitro for measurement of basal and potassium-induced release of LHRH. The following opioid neuropeptides were quantified: methionine-enkephalin (Met-Enk), &endorphin (#-EP), dynorphin-A, 1-17 (DYN-17) and dynorphin-A, 1-8 (DYN-8). All four opinid neuropeptides were most concentrated in the pituitary NIL. Luteinizing hormone-releasing hormone was most concentrated in the SME tissue, which also contained substantial concentrations of Met-Enk and #-EP, but very little DYN-17 or DYN-8. In addition, weaning increased the weight of NIL between 0 and 36 h (P<.05), and the concentrations of LHRH, Met-Enk, and DYN-17 in the combined POA + HYP (P<.05) tissue between 36 and 72 h. No differences occurred among groups in SME content of LHRH or in vitro release of LHRH from the superfused SME. Although they were not affected by weaning, within-cow correlations among parameters revealed that: 1) concentrations of DYN-17 and DYN-8 were always positively correlated (P<.05); 2) concentrations of LHRH were positively correlated with Met-Enk (P<.O1), B-EP (P<.05) and DYN-17 (P<.05) in the combined POA + HYP tissue; 3) LHRH concentrations in SME tissue were negatively related to POA + HYP concentrations of Met-Enk (P<.O1) and #-EP (P<.05), but not of LHRH or DYN-17 and 4) in vitro release of LHRH from the pituitary SME was correlated with concentrations of DYN-8 in various tissues including the SME (P<.O1). In summary, bovine neural tissues differ widely in concentrations of the four opioid neuropeptides with NIL tissue having the greatest concentrations. Weaning calves at 36 and 72 h before slaughter caused parallel changes in LHRH, Met-Enk and DYN-17 in preoptic and hypothalamic tissues. We suggest that suckling suppresses estrous cycles by affecting the release and(or) synthesis of LHRH and, because of the concurrent changes observed, endogenous opioid peptides may be involved in the regulation of this process.
cows nursing one or more calves (Carruthers et al., 1980; Williams et al., 1983) , and weaning of the calves is followed by an abrupt increase in the release of LH (Waiters et al., 1982) . Although mechanisms by which suckling inhibits release of LH from the pituitary are not known, they probably involve suckling-induced suppression of luteinizing hormone-releasing hormone (LHRH) secretion from the hypothalamus (Malven, 1984) .
Administration of endogenous opioid peptides (EOP) and synthetic opioid agonists inhibits the release of LH (Cox and Baizman, 1982; Kalra, 1983) and LHRH (Drouva et al., 1981; Ching, 1983) . In addition, injection of naloxone antagonizes the action of EOP at their 723 J. Anita. Sci. 1986.62:723-733 receptors and also causes an abrupt increase in plasma concentrations of LH in monkeys (Van Vugt et al., 1983) , rats (Gabriel et al., 1983) , sheep , pigs (Barb et al., 1985) and cows (Whisnant et al., 1984) . Naloxone also reversed the suckling-induced suppression of plasma concentrations of LH in postpartum rats (Sirinathsinghji and Martini, 1984) . Neurons containing opioid neuropeptides probably modulate only those cells adjacent to their axonal projections (Bloom, 1983) . Naloxone-induced increases in plasma LH presume that an EOP was inhibiting release of LH or LHRH immediately before the naloxone injection. However, studies utilizing naloxone cannot identify the specific tissue EOP responsible for this inhibition. The objective of the experiment was to measure concentrations of at least one neuropeptide from each of the three families of EOP (Hughes and Kosterlitz, 1983; Akil et al., 1984) in several neural tissues from cows after early weaning. It was hypothesized that transient changes in overall tissue concentrations of specific opioid neuropeptides and LHRH following early weaning might indicate which specific neuropeptide was altered by weaning and, therefore, might be involved with the inhibition of the release of LH and LHRH in suckled cows.
Materials and Mellhods
Beef cows nursing single calves were assigned on postpartum d 30 to 36 to one of the following three slaughter groups: 1) 36 h or 2) 72 h after weaning of the calf, provided that estrus did not occur prior to scheduled slaughter or 3) 0 h after weaning (i.e., slaughtered within 1 to 2 h after calf separation). Cows whose ovaries contained corpora lutea or corpora hemorrhagica were excluded from the experiment leaving eight cows each in the O, 36 and 72 h groups. Management procedures for these animals have been described previously (Parfet et al., 1986) .
Brain and pituitary tissues were removed from tho cranium within 30 min after slaughter. The anterior lobe (AL) and neurointermediate lobe (NIL) of the pituitary gland were removed from the cranium and were placed into ice-cold buffer until the NIL and AL were separated.
s Polytron, Brinkmarm Instruments, West'bury, NY.
The NIL was weighed and frozen in liquid nitrogen. Gonadotropic data for AL tissue are presented elsewhere (Parfet et al., 1986) .
The pituitary stalk was separated from the pituitary NIL by a cut just dorsal to the in situ diaphragma sellae. The median eminence was then severed from the hypothalamus, leaving it attached to the pituitary stalk. This fragment of tissue, the pituitary stalk-median eminence (SME), existed as a thin-walled cylinder of neural tissue surrounded by a thin layer of pars tuberalis tissue (Kizer et al., 1976) . This cylinder of tissue was then longitudinally bisected, and one-half of it was placed immediately into ice-cold superfusion medium and prepared for in vitro superfusion as described by Allrich et al. (1985) . The other one-half SME (fresh SME) was weighed and frozen in liquid nitrogen. Weights for fresh and superfused SME halves were 53 -+ 2 mg and 49 -+ 2 mg, respectively.
After removing the median eminence, a fragment of tissue designated hypothalamus (HYP) was excised, weighed and frozen. The HYP fragment was caudal to the optic chiasm and included the mammiliary bodies whose lateral borders defined the lateral boundaries of the fragment. The HYP fragment extended about 4 mm dorsal from the ventral surface of the hypothalamus. A fragment of tissue designated preoptic area (POA) also was excised, weighed and frozen. The POA fragment included the optic chiasm and bilateral tissues dorsal and rostral from it. Its lateral boundaries were the same as the HYP fragment.
In Vitro Superfusion of Pituitary SME
Procedures for SME superfusion and assay of LHRH were conducted as described elsewhere (Allrich et aL, 1985) . The rate of superfusion was 85 #l/min; 850 gtl fractions of medium were collected every 10 rain. Basal release of LHRH was defined as the average concentration of LHRH in fractions 7, 8 and 9 expressed as fmol LHRH'mg -1 SME tissue'10 min -1. Stalk-median eminence tissue was exposed for 10 rain to 60 mM potassium ions after fraction 9, and the peak response was defined as the highest concentration of LHRH occurring in fractions 10, 11 or 12 (fmol LHRH'mg -t SME tissue.10 rain-l). The increment of LHRH released in response to potassium was calculated as the difference between peak response and basal release.
Extraction of Tissues for Assay of Neuropeptides. All tissues were stored at -70 C until analysis. They were thawed and homogenized s in 4 to 8 ml of acidified methanol (1." 1 mixture of methanol and .1 N HCI). Homogenates were centrifuged and aliquots corresponding to a known fraction (1/16 to 1/4) of the total volume of acidif'md methanol were removed. All aliquots were evaporated to dryness under nitrogen and stored at -20 C. Buffer diluent from the respective radioimmunoassays (RIA) was used to reconstitute aliquots for assays of ~-endorphin (~EP), methionine-enkephalin (Met-Enk) and LHRH. Acidified methanol was used to reconstitute one aliquot for separate assays of dynorphin-A, 1-17 (DYN-17) and dynorphin-A, 1-8 (DYN-8).
RIA Procedures. Procedures for assay quantification and partial validations have been published for LHRH (Nett and Adams, 1977; Moss et al., 1985) , ~-EP (Leshin and Malven, 1984) , DYN-17 and DYN-8 (Bryant et al., 1985) . Procedures for RIA of Met-Enk are described in the Appendix. The RIA for 3-EP cross-reacted 30% by weight with 3-1ipotropin (/3-LPH), and some of the present tissues undoubtedly contained I~-LPH (e.g., pituitary NIL). Therefore, some of the measured 3-EP immunoreactivity resulted from 3-LPH, which is the precursor of ~-EP. Validation criteria satisfied in our laboratory for each neuropeptide with the present bovine tissues were as follows: 1) parallelism between increasing volumes of reconstituted tissue extract and increasing standard peptide when plotted as logit percent bound vs log dosage and 2) quantitative recovery of standard peptide added to reconstituted extracts of each type of tissue. Concentrations for each of these neuropeptides in tissue extracts were expressed as moles of standard per milligram wet weight of original tissue.
Statistical Analyses. Differences among slaughter groups were determined by analysis of variance. When possible differences were indicated (P<. 10), individual means were compared with Duncan's Multiple Range test at P<.05. Within-cow correlations (Pearson) were calculated among all parameters without regard to slaughter group (Harvey, 1977) . The POA and HYP fragments of brain tissue were obtained, extracted and assayed separately. However, a weighted average concentration of each neuropeptide in the POA and HYP also was calculated within each cow for statistical analysis (designated POA + HYP). The rationale for this mathematical combination was that this sum should be a more accurate estimate of total hypothalamic concentration of neuropeptide not located in specific nuclei.
R esu Its
Overall Comparisons of Concentrations Among Tissues. Tissue concentrations of each neuropeptide are summarized in table 1. Within the POA and HYP fragments, molar concentrations of Met-Enk were the highest of the peptides, while molar concentrations of LHRH were the lowest. In comparing the POA and HYP fragments, LHRH and PEP were similar (P>.05) between fragments, but Met-Enk, DYN-17 and DYN-8 were all less (P<.O1) concentrated in POA than in the HYP. The pituitary SME had higher (P<.01) concentrations of 3-EP and LHRH than the POA or HYP. In contrast, DYN-17 and DYN-8 were less (P<.05) concentrated in SME tissue than in POA or HYP. The pituitary NIL contained low concentrations of LHRH and high concentrations of the four opioid peptides.
Differences Among Slaughter Groups. As indicated by footnotes to table 1, tissue concentrations of LHRH, Met-Enk and DYN-17 differed among slaughter groups. Concentrations of LHRH were similar in POA and HYP tissues, and they increased (P<.05) in both tissues (figure 1), as well as in their combination (figure 2) between 36 h and 72 h after weaning. However, there were no differences among slaughter groups in LHRH concentrations in NIL or SME (not shown) or in the in vitro release of LHRH from superfused SME tissue (table 2) . Within the combined preoptic area and hypothalamus (POA + HYP), tissue concentrations of LHRH, DYN-17 and Met-Enk also increased (P<.05) between 36 and 72 h after early weaning (figure 2).
Weights of the pituitary NIL (mg/cow) were greater (P<.05) in cows whose calves had been weaned for 36 (423 + 11) and 72 (476 + 33) h than cows slaughtered 0 h (332 + 25) after calf removal, but tissue concentrations of the five neuropeptides did not differ. were the only opioid parameters negatively related to LHRH in the SME tissue. None of the opioid peptides in the SME was correlated with LHRH in the SME. Concentrations of LHRH in POA + HYP and in NIL were not correlated with SME concentrations of LHRH.
Correlations Among Neuropeptides
Associations Involving In Vitro Release of LHRH from Superfused SME. Although in vitro release of LHRH did not change after calf removal, correlations between the various in vivo parameters and two independent (r=.10) measures of LHRH release in vitro were calculated (table 5). The NIL and POA + HYP tissues were included in the analysis because of the possibility that the in vivo condition of these tissues might be related to the in vitro performance of the isolated SME.
None of the tissue concentrations of MetEnk or LHRH was correlated with in vitro release of LHRH (table 5) . However, basal release of LHRH was negatively associated (P<.05) with NIL content of ~EP, while the potassiuminduced release of LHRH was negatively (P<.05) associated with NIL content of DYN-17 (table 5) .
Three of six comparisons involving DYN-8 were correlated with the in vitro responses of LHRH (table 5) . Dynorphin-A, 1-17 in NIL and SME were negatively related to the potassium increment of LHRH. Dynorphin-A, 1-8 in NIL was positively correlated (P<.05) with basal release of LHRH. It should be noted that DYN-8 was the only neuropeptide whose concent-rations were not correlated with LHRH within any tissue (table 3), nor was there any relationship between LHRH in SME and the concentration of DYN-8 in any tissue (table 4) . 
Discussion
Concentrations of Met-Enk in bovine POA + HYP tissue were similar to those reported by Ikeda et al. (1983) . The elevated concentration of Met-Enk in bovine NIL was consistent with data from rats showing a large accumulation of Met-Enk in both pars intermedia and pars nerrosa tissues, which comprise the NIL (Duka et al., 1978) . Axon terminals in the pars nervosa of the rat and bovine NIL, which immuno- histochemically stained for Met-Enk, also stained for oxytocin (Martin et al., 1983; Vanderhaeghen et al., 1983) . These observations suggest that oxytocin and Met-Enk might be released together in response to suckling. The bovine NIL also contained very large amounts of ~-EP, most of which was probably in the cells of the pars intermedia (Duka et al., 1978; Krieger et al., 1980) . It should be noted that fl-LPH cross-reacts in our RIA for fl-EP (Leshin and Malven, 1984) and that part of the measured immunoreactivity undoubtedly resulted from /~LPH, which is the precursor for fl-EP and occurs in the same pars intermedia cells. Bovine SME tissue also contained high levels of ~EP, which came either from pars intermedia cells contaminating the pituitary stalk or from neurons of the arcuate nucleus, which were included in SME fragment. The presence of ~EP-containing pars intermedia cells in the present pituitary SME samples seems likely since Burden and Dupont (1982) did not find fl-EP concentrated in their samples of bovine median eminence.
Based on its structure, DYN-17 is a precursor of DYN-8, and both peptides possess opioid biological activity . Positive correlations were noted between the two related peptides in all bovine tissues, and the differences between tissues tended to be similar for both peptides. In the rat brain DYN-17 and DYN-8 also varied together, but in contrast to the present results, concentrations of DYN-17 were slightly lower than those of DYN-8 (Cone et al., 1983; Seizinger et al., 1984) . Both DYN-17 and DYN-8 are localized in vasopressin-containing neurons of the pars nervosa and hypothalamus of rats (Akil et al., 1984) . Forced imbibition of sodium chloride, which depletes NIL vasopressin, also depleted DYN-17 and DYN-8 in the NIL but not from the hypothalamus (Bryant et al., 1985) . The pituitary SME in cattle contained very low concentrations of DYN-17 and DYN-8 (table 1) in contrast to DYN-17 concentrations reported in the median eminence of rats (Zamir et al., 1983) . Termination of suckling by early weaning produced significant changes in some parameters. The increase in weight of the pituitary NIL is consistent with ultrastructural changes noted during alterations in hormone release by the rat neurohypophysis (Tweedle, 1983) . Although NIL weight increased after weaning, none of the neuropeptide concentrations in that tissue were altered. The only significant neuropeptide changes occurred in POA + HYP tissue where Met-Enk, DYN-17 and LHRH increased between 36 and 72 h after weaning. Concentrations of pEP followed a similar but nonsignificant trend.
Hypothalamic content of LHRH at any given time reflects the combined rates of synthesis, release, degradation and storage of LHRH within the neurons. Changes in hypothalamic LHRH should, therefore, reflect alterations in the rate of one or more of these factors. In previous studies, total hypothalamic content of LHRH and content within hypothalamic regions did not change in postpartum ewes (Moss et al., 1980; Crowder et al., 1982) or cows (Carruthers et al., 1980; Moss et al., 1985) with time after parturition. However, similar to our present results, changes in LHRH content within hypothalamic regions have been observed after acute treatments such as weaning in sows (Cox and Britt, 1982) or after a steroidinduced gonadotropin surge in rats (Kalra and Kalra, 1984) . We can only speculate how the neuropeptide changes following early weaning in the present study may be related to the removal of the suckling-induced inhibition of LHRH and LH secretion. Cows not scheduled for slaughter showed estrus by 84 h after early weaning, and we assume that cows in the 72-h group were close to the onset of their postweaning estrus (Parfet et al., 1986) . Concentrations of LHRH in the SME and the amount of LHRH released from the superfused SME did not change following early weaning. However, in vivo secretion of LHRH probably increased between 36 and 72 h, a period when POA + HYP stores of LHRH, Met-Enk and DYN-17 all increased. The increased pulsatile release of LH that follows calf removal supports this conclusion (Waiters et al., 1982) . It is possible that increased tissue levels of Met-Enk and DYN-17, as observed at 72 h, could reflect less secretion and(or) turnover of these peptides, thereby decreasing their inhibition of LHRH secretion into hypophysial portal blood vessels in the median eminence. Moreover, concentrations of Met-Enk and ~-EP, but not DYN-17, in POA + HYP were negatively correlated with LHRH concentrations in SME tissue.
Correlation analyses involving in vitro release of LHRH from the SME showed some unexpected relationships with concentrations of DYN-8. The function of DYN-8 is not well known. It may be a proteolytic inactivation product of DYN-17, or it may be the receptoractive endogenous ligand for the kappa opioid receptor (Corbett et al., 1982) . When DYN-8 is further cleaved, it loses all biological activity. The negative correlation between the potassium increment of LHRH release and concentrations of DYN-8 in NIL and SME may suggest that DYN-8 antagonized potassium-releasible quantities of LHRH.
The many positive within-cow correlations between nduropeptides of different opioid families were difficult to interpret. Immunohistochemistry of specific opioid peptides in the rat hypothalamus indicated that each opioid family exists in separate neurons 6 Pennisula Lab., Belmont, CA.
( McGinty and Bloom, 1983) . These authors did, however, report an anatomical proximity between Met-Enk containing fibers and /~EP containing neuronal cell bodies. Functional interactions among neurons that secrete different opioids is consistent with the many correlations observed in the present study.
In summary, the involvement of opioid neuropeptides in suckling-induced suppression of LHRH and LH secretion is suggested, but evidence supporting a specific opioid family is lacking. Although tissue concentrations may not always be a good index of functional activity, the present results provide some evidence for all three opioid families being involved. Concentrations of both Met-Enk and DYN-17 in POA + HYP increased at 72 h after early weaning, concurrent with a similar increase in LHRH. Furthermore, ~-EP concentrations in POA + HYP were negatively associated with LHRH concentrations in SME tissue. Although specific neural pathways through which suckling inhibits the release of gonadotropins after early weaning are unknown, these data provide further evidence that removal of the suckling stimulus akered the release, storage or synthesis of LHRH in beef cows.
Appendix

RIA for Met-Enk. For radioiodination, 2 #g
Met-Enk 6 in 10/~1 .5 M phosphate buffer (PB) was continuously mixed for 10 min with Na12Sl (1 mCi), lactoperoxidase (2.8 IU in 20 /al .05 M PB) and H2Oz (10 #1 of .1 mM dilution twice at 10-min intervals). Ten minutes after the second addition of H202, 50 #g sodium metabisulfite in 20 /al .05 M PB was added to terminate radioiodination. The mixture was diluted with 100 #1 of assay buffer (.05 M PBS, .05 M NaC1, .1% bovine serum albumin, .1% Triton X-100 and .01% thimersaD, and the mixture was transferred to the first chromatographic column (.8 • 22 cm Biogel P4) prepared and eluted with .01 M PB, .05 M NaC1 (PBS). Fractions of 10 drops each were collected and the 4 to 5 fractions comprising the initial peak of radioactivity (containing lactoperoxidase and Met-Enk, but not free 12si) were pooled for application to a second chromatographic column (.8 • 22 cm Sephadex G50) prepared and eluted with PBS. Fractions of 10 drops each were collected and the early fractions in the second peak of radioactivity contained the immunologically active iodinated hormone.
The assay of Met-Enk used a commercial antiserum 7. All reagents except the t2SI-MetEnk were incubated for 24 h at 4 C in a total volume of 700 /al. One hundred microliters of lZSl-Met-Enk containing about 5,000 cpm was added and incubated for an additional 24 h. To terminate incubation, each tube received 1.2 ml of ice-cold charcoal mixture (85 ml .15 M PB, 15 ml bovine steer serum, 5% Norit A charcoal and .3% Dextran T70). Tubes were vortexed, incubated 5 min at 4 C, and centrifuged (1,500 g for 15 min). One milliliter aliquots of supernatant, containing 12SI-Met-Enk which was bound to anti-Met-Enk, were decanted and their radioactivity counted. Tubes in which non-immune serum was substituted for antiMet-Enk were always included to estimate nonspecific binding and the efficiency of charcoal separation. The supernatant from these tubes contained <5% of the total radioactivity. Specific binding was plotted (logit transformation) versus log dosage of standard Met-Enk or of reconstituted tissue extract. Parallelism was demonstrated for all bovine tissues in this report. Standard Met-Enk was added to reconstituted extracts of each tissue, and it could be quantitatively recovered in the assay. The following molar cross-reactions were determined using standard peptides: DYN-17, <1.1%; DYN-13, <1.2%; DYN-8, 13%; leucineenkephalin, about 20%. Despite the small crossreaction between Met-Enk and DYN-8, the tissue concentrations of these two peptides were not correlated (table 3) .
